Orobanche spp. are serious and difficult weed to control to many economically important plants. The seed bank of this noxious weed in soil can be reduced by using trap crop. But all the seed bank reduction is not due to trap crop only; some reduction is also contributed by edaphic and/or pathogenic factors. So in the present study, the relationship between reduction in Orobanche seed bank in soil and loss of seed viability due to trap crop has been investigated in pots and natural infested fields at Vedabari (Field A) and Beldia (Field B). Results of viability loss and seed bank reduction indicated that nearly 11% to 25% of the reduction of seed density of Orobanche in soil is contributed by seed viability loss due to trap crops. On combining data of all three experiments, it was found that the loss of seed viability in Orobanche due to combined effects of treatments with test crops was nearly 24%. When the value obtained from viability loss and seed bank reduction is compared with the value obtained in control treatment, it is found that the contribution of edaphic factors for seed bank reduction is about 76% and that of tested trap crops is about 24%, respectively.
INTRODUCTION
Some seed bearing plants are true parasite or holo-parasite as chlorophyll is entirely lacking in them and are dependent upon other green plants to which they are attached for their food materials. Genus Orobanche is one of such holo-parasitic plants with about 150 species (Musselman 1980 ) . This genus is supposed to be very difficult weed to control as they have tremendous potential of seed production of up to 500,000 seeds/plant in Orobanche crenata (Cubero and Moreno 1979) . Their seeds are very tiny (0.25-0.3 mm diameter) and can remain viable possibly up to 20 years in soil in absence of suitable host (Kadry and Tewfic 1956 , Cubero and Moreno 1979 , Puzzilli 1983 ).
Orobanche spp. are serious weed of many economically important plants because of their complex life cycle they are very difficult to control. There are several discrete steps in the life cycle; production of a large number of seeds that require a post-ripening period as well as warm and moist conditions, induction of germination by hostderived stimulants, haustorial initiation by hostplant, haustorium inducers, attachment to the host root and penetration, establishment of contact with host vascular system, subterranean development, emergence, and flowering. The most serious damage to host crops occurs underground before emergence (Parker and Riches 1993) . The seeds of Orobanche is triggered by root exudates of host and some non-host plants (Brown et al. 1951 , Abbes et al. 2008 . Methanolic extracts of many Chinese herbal species effectively stimulated seed germination among the Orobanche minor, O. cumana and O. aegyptiaca, even though they were not the typical hosts (Ma et al. 2012) and can serve as potential trap crops.
Trap crops or non-host plants may stimulate the germination of Orobanche seed but can not infect and thus reduces density of seeds in soil due to suicidal germination. Hence it can be hypothesized that Orobanche seed density in soil is dependent on its viability, or in other words, Orobanche seed viability loss will reduce seed bank in the soil. Therefore, an attempt has been made to study the relationship between reduction of Orobanche seed bank and viability loss due to different non-host crops in naturally infested soil.
MATERIALS AND METHODS
The experiments were conducted in Nawalparasi District, an inner Tarai region of Nepal, where infection of Orobanche sp. was fairly high . Two sites-Site A (at Vedabari) and Site B (at Beldia) were selected, both of which were farmer's fields hired for tori growing season. Pots and field experiments were conducted simultaneously in site A (Vedabari) but in site B (Beldia) it was limited to field experiments only. The experiments to study the effects of different non-host crops on Orobanche seed viability was overlapped in the same pots, and plots designed for the seed bank studies.
Pot experiments: Altogether, 22 winter crops were tested for pot experiments. The pot mixture included: a) soil collected from naturally infested field by Orobanche seeds, b) Fertilizers (N-0.8 g/kg, P 1.2 g/kg and K 0.6 g/kg of soil) and, c) compost. The earthen pots of size 9 inches diameter were first moistened with water and then filled with soil mixture. About 3/4 th portions of pots were buried into the soil to avoid rapid fluctuation of soil temperature and moisture. Seeds or seedlings of test crops were collected from the local market. Crop seeds were sown 3-4 cm deep in the soil. Tubers of potato, bulb-lets of garlic and, seedlings of onion, egg plants and that of chili were planted in the pots. To avoid dehydration of the germinating seeds, regular watering was done. There were three replications for each treatment, including control pots.Soil samples for quantitative estimation of Orobanche seeds were collected from each pot at the time of crop sowing and after harvest.
Field Experiments: Altogether, 21 winter crops were tested for field experiments.The fields at Site A and Site B were both rain fed with maize and tori as summer and winter crops, respectively. The fields were prepared by ploughing twice and were set in randomized complete block design with 22 treatments including control. All the treatments were in triplicates.
The field had homogenous nutrient and moisture regimes. The soil type in field A was sandy-loam with 71% sand, 22% silt, 7% clay and 2.01% total organic matters. Soil nitrogen was 0.151%, phosphorus 189 kg/ha, potassium 516 kg/ha, and the soil pH was 6.2. Manuring was done with animal dung. Unlike the Field-A, the soil type in Field-B was loam with 49% sand, 30% silt, 21% clay and 2.28% total organic matters. And Nitrogen was 0.132%, Potassium 724 kg/ha, and Phosphorous 161 kg/ha. The soil pH was 6.7. The mean soil temperature of experimental area varied from 12°C to 23°C in the morning (at 6 AM) and from 15°C to 25°C in the afternoon (at 1 PM ) during the study period.
Soil sample collection and seed bank estimation
Soil was sampled two times from each plot: first immediately after sowing and, the second after harvest. The sampling spots were located between plant rows and there were three equally spaced spots between rows. Soil was sampled using auger reaching up to 15 cm deep. Soil sampled from different spots of a plot are mixed together and divided and re-divided and, finally one kg of soil was collected for laboratory estimation of Orobanche seeds (Composite soil sampling). Orobanche seed recovery from soil was done following the method of Asworth (1976) with slight modification (Khattri 1997 , Acharya et al. 2003 . The percentage reduction of Orobanche seeds were determined from the difference of initial and final Orobanche seed count before sowing and after harvest, respectively.
Viability of Orobanche seeds buried in pots and plots
To study the effect of trap crops on viability, Statistical Analysis: All data obtained from seed bank and viability study were processed for ANOVA followed by Duncan Multiple range Test using statistical program SPSS 15. Regression analysis between viability loss and seed bank reduction were conducted to understand the relationship between them.
RESULTS
Results of seed bank reduction and viability loss due to different investigated trap crops in pot and field experiments are given in Tables 1, 2 
Pot experiment
Of the 22 crops investigated in pot experiment, the reduction of Orobanche seed bank was found to be significant (P=0.05) compared to control pots in cumin (Cuminum cyminum), carrot (Daucas carrota), fennel (Foeniculum vulgare), barley (Hordeum vulgare), lentil (Lens culinaris), linseed (Linum usitatissimum), radish (Raphanus sativus) and maize ( Zea mays) ( Table 2 ). The reduction was highest in lentil (54.27±8.63 in seed density).
The viability of the Orobanche seeds before burying in soil was regarded as initial viability and was found to be 86.44%. The viability of buried Orobanche seeds after crop harvest was reduced significantly (P=0.05) in all cases (Table 1 ) except in carrot. Viability loss was recorded highest in pots with radish (56.68%) and it was above 35% in pots with chilli, chickpea, cumin and maize. 
Field B
The mean reduction in Orobanche seed bank in the field B was found to be 19.24±7.62% and the reduction was highest in lentil (35.39±1.83%.) and lowest in chili (6.41±5.28%). Out of 21 crops investigated, Orobanche seed bank was reduced significantly (P=0.05) in fennel, lentil, linseed, radish and barley compared to control plots (Table  3) . Orobanche seed viability in Field-B also significantly reduced in all cases as in Field A. including control plots in comparison to initial viability (Table 3) . But, reduction of Orobanche seeds buried in control plots did not differ significantly from the reduction in plots with most of the crops. The reduction was significant only with chili, fennel, radish, eggplant and maize. (Table 3) . Among the different test crop investigated in field B, the reduction in Orobanche seed viability was highest in the plots with radish (50.66%) and lowest in onion (70.31%). Table 3 . Percentage reduction in seed bank, viability of Orobanche aegyptiaca seeds (%) and its reduction after crop harvest in Field-B (Beldia). Same letters followed after the mean ± ± ± ± standard deviation in a column do not differ significantly at P=0.05 according to Duncan's Multiple range tests followed after ANOVA.
Botanical name Common name % Reduction in seed bank
Viability (%) Mean ± ± ± ± Sd Viability loss (%) Correlation between seed bank reduction and viability loss When the data of Orobanche seed bank reduction and viability loss of the corresponding experimental conditions (pots, Field-A and Field-B) were processed through regression analysis using SPSS 15 statistical programme, it was observed that the reduction in Orobanche seed density was positively correlated with seed viability loss (Fig.1) 
DISCUSSION AND CONCLUSIONS
High seed viability loss of buried Orobanche seeds was observed in pots and field A. High root density in the pots must be the reason for highest reduction in seed viability. Possibly the root exudates of the non-host crop must have initiated seed germination but later the germinated seeds could not infest the roots of test crop, as a result the germinated seeds must have died and contributed in seed bank reduction. Similarly more viability loss of buried seed in Field A is due to infection of microorganism in soil, as infected seeds are more observed in Field A than in Field B.
Data have also indicated that both edaphic factors and test crops are responsible for the loss in Orobanche seed viability. In this regard it could be assumed that soil microorganisms reduce Orobanche seed viability either by infection or by stimulating seed germination as reported by Cezard (1973) . The possible role of non-host test crops in reducing Orobanche seed viability could be that, i) crops exude stimulant(s) for suicidal seed germination (Chabrolin 1935 , Kasasian 1971 , Edwards 1972 , Krishnamurty et al. 1977 , Sauerborn 1991 , and ii) crops exude chemicals which in association with suitable microorganisms acquire stimulatory nature for
Orobanche seed germination as mentioned by Wegmann (1991) . 
